The membrane lipids were extracted into acetone/methanol and transferred to light petroleum. Components of the extract were separated on silica gel columns (Dunphy & Brodie, 197 1).
The radioactivity in the lipid extract from membranes was found to be in carotenoid (65%), quinone (lo%), phytoene (7%) and squalene (5%). The labelled carotenoids were identified by comparison with those of a standard strain (Arpin et al., 1973) .
Cell suspensions will also incorporate mevalonate into isoprenoids. Comparison of the abilities of cells and membranes to synthesize labelled quinone and carotenoid showed that a membrane preparation possessed about 50% of the activity found in whole cells ( Table 1) . Incorporation of mevalonate into isoprenoids has a requirement for ATP and is stimulated by Mg2+ and NADP+ and, to a lesser extent, by Mn2+. Succinate and shikimate, precursors of the naphthol ring of menaquinone, stimulate incorporation of mevalonate into quinone but not into carotenoid.
Various washing procedures have been applied to the membranes to determine how strongly the enzymes for isoprenoid synthesis are bound. Washing with solutions containing Mg2+ in phosphate buffer stabilizes the system on the membranes, whereas EDTA inactivates the membranes, even though the necessary cations are present in the assay medium ( Table 1) . Washes with Na,SO, or NaCl greatly decreased the ability of membranes to incorporate mevalonate. Washing with sucrose solutions leaves activity in the membranes. The most effective wash for removal of activity was found to be 1 ~-N a , S 0 , / 2 m~-EDTA/sodium phosphate buffer (0.05 M, pH 7.5). Examination of the washings from such a treatment showed that they had the ability to incorporate mevalonate into products, the main component of which co-chromatographs with farnesol after treatment to hydrolyse pyrophosphates.
We have concluded that the enzymes necessary for the conversion of mevalonate into isoprenoids are bound loosely to the membrane in M. luteus. Our preliminary studies with washings suggest that a system for converting mevalonate to farnesyl pyrophosphate is readily removed. We have assumed that the binding involves electrostatic interactions; Mg2+ is particularly effective in retaining membrane-bound activity. Electron micrographs of these preparations show that the membranes form vesicles, most of which appear to be right-side out. These membranes do not seem to have significant amounts of cell contents adhering to them. We Previous work has shown that erythrocyte membranes differ in their susceptibility to damage by the same bile salt (Coleman & Billington, 1979) . Thus for the bile salt, sodium glycocholate, cell lysis occurred at low concentrations with erythrocytes of high phosphatidylcholine/low sphingomyelin content (rat and guinea pig), and at high concentrations with erythrocytes of low phosphatidylcholine/high sphingomyelin content (sheep and ox).
Erythrocytes with approximately equivalent amounts of the two choline phospholipids (human and pig) were lysed at intermediate concentrations. In addition, at sub-lytic glycocholate concentrations, the membranes possessing a high sphingomyelin content lost only 'solubilized' phospholipid, whereas both 'solubilized' phospholipid and small fragments (vesicles) of modified membrane were lost from membranes of increasing phophatidylcholine content.
Since the hydrophobic region of sphingomyelin (fatty acid chain plus sphingomyelin chain) is generally more saturated, and therefore less fluid, than the comparable region of phosphatidylcholine (two fatty acid chains), it is possible that the difference in response to bile salts may relate to differences in membrane fluidity. Thus bile-salt-induced lysis was studied with human erythrocytes at decreasing temperatures. Higher concentrations 585th MEETING, GUILDFORD of glycocholate were required to produce lysis as the temper-more likely to be upon the membrane. Measurements of memature was reduced, and at low temperatures, i.e. at IOOC, lysis brane fluidity obtained with fluorescence polarization using the was only 6% at a bile-salt concentration of 4 5 m~ compared probe, 1,6-diphenylhexatriene, showed a fall in membrane with 75% at 37°C; 100% lysis at 37OC in the presence of 3 m~-fluidity with decreasing temperature. The same fluidity probe glycodeoxycholate was reduced to 20% at IOOC. Rat can be used to obtain fluidity data for the erythrocytes of erythrocytes showed similar behaviour. different choline phospholipid composition. The reduced temperature had little effect upon the physical nature of the bile salts (i.e. caused little change in the critical micellar concentration), and thus the effect of temperature was Coleman When the ionophore A23187 is used to increase the intracellular Ca2+ ion concentration in '*P-labelled human erythrocytes, there is a rapid breakdown of most of the radiolabelled polyphosphoinositides (phosphatidylinositol phosphates) of the erythrocyte membrane, an event that was originally attributed to activation of a polyphosphoinositide phosphomonoesterase (Lang et al., 1977) . However, it has also been shown that this treatment leads to accumulation of 1.2-diacylglycerol in the cells (Allan et al., 1976) and that a similar accumulation of diacylglycerol can be produced by exposure of haemoglobin-free erythrocyte 'ghosts' to micromolar concentrations of Ca2+ (Allan 8c Michell, 1976) . More recently, we showed that such erythrocyte 'ghosts' possess a Ca2+-stimulated Folyphosphoinositide phosphodiesterase that is active against both phosphatidylinositol 4-phosphate and phosphatidyllinositol 4,5-bisphosphate (Allan 8c Michell, 1978) . Stimulation of this enzyme appears to account for the breakdown of polyphosphoinositides and the accumulation of diacylglycerol, both of which occur in erythrocyte membranes in which the cytoplasmic surface is exposed to Ca2+. In our previous studies, assay of this membrane-bound polyphosphoinositide phosphodiesterase involved extraction and chromatographic separation of the polyphosphoinositides that remained after incubation. Thus this assay was lengthy and did not allow accurate measurements of the breakdown of a small proportion of these lipids. We have now devised a much simpler and more sensitive assay that depends on the quantitative separation by ion-exchange chromatography of the watersoluble inositol diphosphate and inositol triphosphate that are released by this enzyme.
Washed human erythrocytes were labelled with 32P in a lowphosphate medium under conditions designed to maximize their polyphosphoinositide content (Shukla et al., 1979) . Haemoglobin-free 'ghosts' were then isolated by lysis and washing in 20m~-Tris/HCI, pH 7.4, containing 1 mM-EDTA. After a final wash in EDTA-free medium, samples of the 32P-labelled membrane pellet were mixed with an equal volume of buffer containing sufficient Ca2+ to increase the concentration to 0.5 mM and were incubated at 37OC. The reactions were stopped with trichloroacetic acid, and samples of the supernatants were applied to small anion-exchange columns [ 1 ml of Dowex-1 (XIO; 200-400 mesh; formate form)]. The radioactive phosphate esters were eluted sequentially by using eluants based on those described by Ellis et al. (1963) , namely 0.1 M-formic acid/0.2~-ammonium formate (for P,), 0.1 M formic acid/0.4 Mammonium formate (for inositol diphosphate) and 0. I M-formic acid/l .OM-ammonium formate (for inositol triphosphate), and their radioactivities were determined by Cerenkov counting.
Under these incubation conditions, between one-third and two-thirds of the polyphosphoinositides of the erythrocyte 'ghosts' were susceptible to attack by the membrane-bound phosphodiesterase. This enzyme was specifically activated by Ca2+ and activity was abolished by excess EDTA or EGTA. Inositol diphosphate and inositol triphosphate were released at similar rates and with a pH optimum between 6.7 and 7.0. Thus far, the evidence remains compatible with a single phosphodiesterase active against both phosphatidylinositol 4-phosphate and phosphatidylinositol 4,5-bisphosphate. In addition, evidence has been obtained that suggests that human erythrocyte membranes possess a Mg2+-dependent phosphomonoesterase that is capable of attacking inositol diphosphate and inositol triphosphate.
